Cellular distribution of HIV-1 proviral DNA has been studied, by in situ PCR hybridization, in the testes of infected men who died at various stages of the disease. In seropositive asymptomatic subjects, HIV-1 proviral DNA was present in the nuclei of germ cells at all stages of their differentiation. The presence of provirus did not induce germ cell damage, was associated with normal spermatogenesis, and was not accompanied by morphologic signs of immune response. The observed HIV hybridization pattern of germ cells suggests clonal infection. Mechanisms responsible for HIV penetration in testicular germ cells remain to be clarified; however, the possibility of a direct infection of the germ cells by cell-free virus is suggested. In the testes of AIDS-deceased men, histologic features of hypoplasia with arrested spermatogenesis were evident, and few infected spermatogonia and spermatocytes were observed. The whole of these data demonstrates that the testis is a site of early viral localization that fails to elicit an immunological response, and that HIV-seropositive men produce infected spermatozoa that are released in the genital tract.-Muciaccia, B., Uccini, S., Filippini, A., Ziparo, E., Paraire, F., Baroni, C. D., Stefanini, M. Presence and cellular distribution of HIV in the testes of seropositive subjects: an evaluation by in situ PCR hybridization. FASEB J. 12, 151-163 (1998) 
ARREST OF GERM CELL MATURATION, thickening of seminiferous tubular wall, interstitial fibrosis, and irreversible testicular atrophy are the major pathologic features observed in the testes of AIDS-deceased men (1) (2) (3) . However, the pathogenetic mechanisms responsible for testis impairment during HIV infection have not been clarified. Consistent evidence in favor of testicular inflammatory processes and vascular pathologic changes has never been reported, and a low incidence of opportunistic testicular infections has been observed (1, 3, 4) . The hypothesis of an autoimmune orchitis is considered highly unlikely (5) , and the possibility that the observed testicular atrophy may be secondary to impairment of gonadotropin regulation of testicular function does not correlate with the normal number and appearance of Leydig cells (3, 4) . HIV particles have been described in the testis by electron microscopy, without a defined cellular localization (6) . By immunocytochemistry, HIV-related p17 protein was observed in germ cells of AIDSdeceased patients, suggesting that the virus may infect germ cells, which may contribute to semen infection (7) . By in situ hybridization and immunocytochemistry, HIV-infected macrophages and lymphocytes were observed within the interstitial compartment and also migrating into the seminiferous epithelium (8) . More recently, HIV infection of the testis of AIDS-deceased men has been demonstrated by in situ polymerase chain reaction (PCR) 2 (9) . In particular, infected spermatogonia, spermatocytes, and, less frequently, round spermatids have been observed (9) . On the basis of these observations, it has been suggested that degeneration of infected germ cells may contribute to germ cell maturative arrest, as well as to the diffusion of the virus into the male genital tract (9) .
These observations, mostly performed at the final stages of infection, do not permit us to define the timing of HIV testicular localization with respect to the natural history of the disease. This limits understanding of the pathogenetic mechanisms responsi-ble for testicular damage and hampers establishing whether the testis represents an early site of HIV infection and a source of viral spreading into the male genital tract.
As for the detection of HIV-1 in the semen, the virus has been observed in the mononuclear cells present in the pre-ejaculatory (10, 11) and ejaculatory fluids (12) (13) (14) (15) (16) (17) (18) as well as in mononuclear cells infiltrating the genital tract (19) . Diffusion of the virus to the seminal fluid through infected cells infiltrating the wall of the genital tract is also suggested by the presence of HIV in the semen of azoospermic vasectomized HIV-positive patients (20) . In addition, seminal fluid of both seropositive and AIDS men contains measurable amounts of cell-free virus particles (14, 18, 21) ; evidence has demonstrated the presence of the virus in the seminal fluid as early as a few weeks after the onset of primary HIV-1 infection (22) , as well as intermittent shedding of the virus in the semen during the disease (23) .
The presence of HIV on ejaculated spermatozoa has been controversial for a long time. However, evidence has consistently demonstrated the presence of the virus on the surface and/or in the cytoplasm of ejaculated spermatozoa (24) (25) (26) (27) (28) . In addition, HIV-1 sequences have been detected in seminal spermatozoa from HIV-infected men by standard (15) (16) (17) and in situ PCR (26, 27) . Since the virus may penetrate the membranes of human sperm (26) (27) (28) , it is possible that spermatozoa become infected in the genital tract (29) . However, the possibility that the testis may contribute, from the early stages of the disease, to the spreading of the virus into the genital tract by releasing infected spermatozoa and/or cell-free virus remains to be evaluated.
It must be considered that the testis is an immunologically privileged site of the body (30) (31) (32) (33) (34) (35) (36) . Germ cell-linked autoantigens, expressed from puberty onward, are physiologically tolerated in situ, but elicit strong autoimmune reactions if injected elsewhere in the body (32) . The testis could therefore represent an early and tolerated site of HIV localization and replication and a precocious route for virus spreading into the genital ducts.
To explore this hypothesis, we have studied, by in situ PCR hybridization, the presence and cellular distribution of HIV-1 proviral DNA in the testes of infected men who died during either early or advanced stages of the disease. Our observations demonstrate the presence of HIV-1 proviral DNA in autoptic testes from HIV-seropositive asymptomatic subjects. In particular, infected germ cells were observed at all stages of differentiation, from spermatogonium to spermatozoon, in seminiferous tubules characterized by normal spermatogenesis.
MATERIALS AND METHODS

Tissues
Testicular tissues from 14 subjects were available for this study. Eight testes were from HIV-seropositive asymptomatic subjects; of these: 1) seven (obtained from the Service d'Anatomie Pathologique et de Médecine Légale, Hôpital R. Poincaré, Garches, France) were collected at autopsy of young men who died of unnatural causes, mostly heroin overdose. Serology for HIV and a complete postmortem were carried out in each case: all were HIV positive, none had lesions suggestive of AIDS or AIDS related complex; there was no lymphadenopathy, no significant visceral inflammation, and no opportunistic infections or tumors (37); 2) one was a testicular surgical biopsy (courtesy of Dr. G. Bertalot, Ospedale di Leno, Brescia, Italy). Five testes were autoptic from AIDS-deceased men (courtesy of Dr. L. Vago, V Anatomia Patologica, University of Milano, Italy). One was a control testicular surgical biopsy from an HIV-uninfected patient affected by leydigioma, (courtesy of Dr. L. Vago, V Anatomia Patologica, Università di Milano, Italy).
In addition, epididymal biopsies from two seronegative men who had undergone surgery for testis neoplasia (courtesy of Professor A. Maver, Ospedale Malpighi, Bologna, Italy), and a lymph node biopsy from an HIV-infected man, were studied. Tissues were fixed in neutral-buffered 10% formalin and embedded in paraffin by routine procedures. Sections of 5 mm thickness were cut, mounted, and routinely stained. Fragments obtained from autoptic testes from AIDS-deceased men were also processed for immunohistology.
Immunohistology
The material available for immunohistologic analysis from HIV-seropositive asymptomatic subjects was represented only by paraffin-embedded blocks. Therefore, only antibodies reacting with this material were used. In particular, a monoclonal antibody anti-HLA-DR (Chemicon International, El Segundo, Calif.) was used to identify activated lymphocytes, macrophages, and endothelial cells espressing MHC II class antigen. Immunostaining was revealed by an avidin-biotin technique in which a biotinilated secondary antibody reacts with several peroxidase-conjugated streptavidin molecules (Dako LSAB kit), followed by incubation with 0.03% H 2 O 2 and 0.06% 3,3-diaminobenzidine (Sigma, St. Louis, Mo.). Counterstaining with hematoxylin was then performed.
Fragments of autoptic testes from AIDS-deceased men were embedded in optimal cryopreserving tissue compound (Miles, Elkhart, Ind.), snap frozen in liquid nitrogen, and stored at 080ЊC until sectioning in a Leitz cryostat (Leitz Wetzlar GMBH, Wetzlar, Germany). Sections (6 mm) were fixed for 10 min in ice-cold aceton and immunostained with the following monoclonal antibodies: anti CD3, CD4, CD8, HLA-DR (Ortho, Rartian, N.J.), and CD68 (Dakopatts, Golstrup, Denmark), as previously described (Dako LSAB kit). The slides were counterstained with hematoxylin and mounted in Canadian balsam. In control slides, primary antibody was omitted.
DNA isolation from paraffin-embedded tissues
Total DNA was isolated from paraffin blocks as described (38) . Briefly, five sections of 10 mm each were cut from each block, placed into sterile microfuge tubes, dewaxed twice with xylene, and washed with 100% ethanol. Dried pellets were resuspended in lysis buffer (50 mM Tris pH 8.5, 1 mM EDTA, 0.5% Tween 20, 400 mg/ml proteinase K) and incubated over-/ 3820 0003 Mp 153 Monday Jan 19 02:15 PM LP-FASEB 0003 night at 55ЊC. After phenol/chloroform extraction, DNA was precipitated, dried, and dissolved in 50 ml of sterile water.
Phase-solution PCR
The presence of HIV-1 sequences in extracted DNA was monitored by standard PCR using specific primers for gag and env genes. Primer pairs used were SK38/SK39, which amplify a 115 bp region of gag gene (39); SK68/SK69, which amplify a 141 bp region of env gene (39); and SK40 (5-ACCCTT-CAGGAACAAATAGGATGGATGA-3) and SK41 (5GAACC-GGTCTACATAGTCTCTAAAAGGT-3) for the gag gene. The SK40 and SK 41 primers were designed as outer primers to SK38 and SK39 in order to perform nested PCR on HIV-gag gene.
PCR was performed on total DNA extracted from paraffinembedded tissues in a mixture containing 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 200 mM dNTPs, 1.5 mM MgCl 2 , 2.5 U Taq DNA polymerase (Boehringer Mannheim, Germany), and 0.5 mM of each primer. After initial denaturation for 5 min at 94ЊC, PCR reactions were performed for 40 s at 94ЊC, 1 min at 60ЊC, and 1 min at 72ЊC, for 30 cycles.
For nested PCR, genomic DNA was first amplified using primers SK 40/SK 41. An aliquot of the reaction was then amplified with primers SK38/SK39.
For each amplification reaction, DNA extracted from paraffin-embedded sections of HIV-negative testes, HIV-positive lymph nodes, and the HIV chronically infected cell line 8E5/ LAV (40) was used for comparison.
PCR in situ hybridization
In situ PCR
In situ detection of HIV-1 proviral DNA PCR products was performed as previously described (9, (41) (42) (43) , with minor modifications. Briefly, histological sections mounted on silanized slide (Perkin Elmer in situ PCR glass slide) were deparaffinized in xylene and hydrated through graded alcohols. Slides were then washed in phosphate-buffered saline (PBS), postfixed in 4% para-formaldehyde for 20 min, and incubated with 20mg/ml proteinase K at 37ЊC for 15 min.
After digestion, slides were washed in PBS, dehydrated through graded alcohols, and air dried. Sections were then subjected to Hot-Start PCR amplification by using a GeneAmp In situ PCR System 1000 (Perkin-Elmer, Norwalk, Conn.). Slides were assembled at 70ЊC in the Assembly Tool, using Amplicover discs and clips (Perkin Elmer). PCR reaction mixture consisted of 200 mM dNTPs, 0.5 mM of each primer, 3 mM MgCl 2 , 11 PCR buffer (20 mM (NH 4 ) 2 SO 4 , 75 mM TrisHCl pH 9, 0.01% Tween), and 2U Thermoprime plus DNA polymerase (Advanced Biotechnologies, Leatherhead, U.K.). After initial denaturation, 30 cycles of amplification, each at 94ЊC for 1 min, 55ЊC for 1 min, and 72ЊC for 1.5 min were performed. Primers used to detect HIV-1 proviral DNA were as described (see above). For the b-globin gene in situ amplification, a commercial primer pair (PC04 and GH20; Perkin Elmer) was used (44) . For each experiment of in situ amplification, the following controls were executed: 1) specificity controls with heterologous primers; 2) amplification control in the absence of either Taq polymerase or primers; 3) sensitivity control using primers for an endogenous gene (b-globin).
In addition, sections of HIV-negative testis and HIV-positive lymph node (see above) were processed for in situ PCR, together with each testis sample studied, for comparison.
Probes for in situ hybridization
Digoxigenin probes to detect the PCR products by in situ hybridization were produced by standard molecular cloning techniques (45) . In particular, genomic DNA extracted from the 8E5/LAV cell line (40) and amplified by PCR was bluntligated into pUC18 vector (Pharmacia, Uppsala, Sweden). Probes obtained were: a 115 bp genomic region of HIV-gag produced using SK38/39 primers; a 141 bp genomic region for HIV-env amplified by using SK68/69 primers; and a 268 bp genomic region of b-globin amplified using PCO4 and GH20 primers. Probes were labeled with digoxigenin by direct incorporation of DIG-dUTP (DIG-dUTP: dTTP 1:2 labeling ratio) during amplification reaction. The yield of each labeled probe was estimated in a dot-blot spot test, according to DIG system user's protocols guide (Boehringer Mannheim, Germany).
In situ hybridization
PCR products were detected on tissue sections by in situ hybridization with the corresponding digoxigenin-labeled DNA probes as described (41, 46) . Slides were washed in 11 standard sodium citrate (SSC)/0.05% Triton-X and prehybridized in 50% formamide, 2X SSC, 2X Denhardt's, 10 mM EDTA, and 200 mg/ml salmon sperm for 1-3 h at 37ЊC. After washing, slides were hybridized in 50% formamide, 2X SSC, 10% dextran sulfate, 2X Denhardt's, 10 mM EDTA, 200 mg/ml salmon sperm, and 300 ng/ml of the specific probe overnight at 42ЊC in a humidified chamber. After hybridization, slides were washed as follows: 21 SSC at room temperature (RT), 11 SSC at RT, 0.2% SSC at 42ЊC, and finally, 0.2% SSC at RT. Sections were then incubated for 15 min in blocking solution (100 mM Tris-HCl, pH 7.5, 100 mM NaCl, 2 mM MgCl2, 1% BSA). To detect the amplified products, sections were incubated for 2 h at RT with alkaline phosphatase-conjugated anti-digoxigenin antibodies (Boehringer Mannheim, Germany) diluted 1:300 in blocking solution and then with chromogen substrate (NBT, BCIP) at RT in the dark. Sections were not counterstained.
Sperm chromatin decondensation
To verify whether the absence of in situ amplification of HIV-1 proviral DNA, as well as of the b-globin gene observed on maturing spermatids (see Results), could be the consequence of the inability of proteinase digestion to get access to the highly condensed chromatin of these cells, we performed in situ amplification after putting decondensed sperm chromatin through a specific procedure (47) . Decondensation was performed on histological sections from two human bioptic epididymides from HIV serum-negative subjects and from all testes of the HIV-seropositive cases studied. In particular, dewaxed tissue sections were incubated at 37ЊC for 40 min in detergent solution (10 mM Tris, pH 8, 5 mM DTT, 1% Triton-X), washed in 2X SSC, dehydrated, and used for in situ PCR amplification.
RESULTS
Morphological observations
HIV-seropositive asymptomatic subjects
In all HIV-seropositive subjects studied (eight in number), well-preserved spermatogenesis was ob- served. Germ cells at all phases of differentiation were regularly arranged in the typical cell associations of the human seminiferous epithelium (Fig. 1) . The peritubular wall was not increased in thickness, and Leydig cells appeared to be normal in quantity and morphology. Few lymphomononuclear cells were observed isolated in the interstitial compartment; in two of the eight cases studied, they were arranged in small clusters surrounding postcapillary venules.
AIDS subjects
Extensive testicular hypoplasia was observed in AIDSdeceased subjects, with reduction of tubular diameter and mild to severe impairment of spermatogenesis characterized mostly by the absence of postmeiotic cells (Fig. 2a, b) . Conspicuous interstitial fibrosis, thickening of the peritubular wall, and the presence of lymphomonocytes scattered in the interstitial compartment were also noticed (Fig. 2a, b) .
Immunohistology
In testes from HIV-positive subjects, HLA-DR / cells were observed around the vessels as well as isolated in the interstitial compartment (Fig. 3a, b) . HLA-DR / cells were also present within the peritubular wall (Fig. 3b) , but never in the seminiferous epithelium.
In cryostatic sections of testis from AIDS-deceased men, the lymphomononuclear infiltrates were mainly scattered. They consisted of low numbers of CD3 / lymphocytes, predominantly represented by CD8
Detection of HIV-1 proviral DNA by PCR analysis
The presence of HIV sequences by means of PCR and nested PCR analysis on DNA extracted from paraffinembedded testicular sections was demonstrated in all autoptic testes from HIV-seropositive asymptomatic and AIDS subjects studied (Fig. 4) . A specific band of 115 bp was obtained in all cases and confirmed by nested PCR analysis. Control experiments, performed on DNA extracted from the testes of HIVnegative subjects, from lymph nodes of HIV-positive subjects, and the 8E5/LAV cell line confirmed these results (Fig. 4) .
Cellular localization of HIV-1 proviral DNA in the testis by in situ PCR hybridization
HIV-seropositive asymptomatic subjects
Cellular localization of the virus was detected in the testes of all HIV-seropositive asymptomatic subjects studied. A strong positive signal was observed in the nuclei of germ cells at all stages of differentiation from spermatogonium to round spermatid ( Fig. 5a-d) , but Sertoli cells were always negative (Fig. 5c, d) . HIV-infected lymphomononuclear cells were observed in some of the interstitial infiltrates (Fig. 5e ), but were absent in the peritubular wall ( Fig. 5a-d) . HIV-infected germ cells had a patchy distribution, with cohorts of positive cells all at the same differentiative stage. This hybridization pattern was observed at all stages of germ cell differentiation. Cohorts of positive spermatogonia, spermatocytes, and spermatids were observed alone or in association ( Fig. 4a-d) . Tubules with infected germ cells were observed adjacent to completely negative tubules. When HIV-1 proviral DNA was amplified in situ after proteinase K digestion, maturing spermatids, characterized by their highly condensed chromatin, were never stained (Fig. 5c) . On the other hand, the same negative result was obtained when the same experiment was performed to detect the b-globin gene (Fig.  6a, b) .
The inability to detect HIV-1 proviral sequences, as well as the b-globin gene, on maturing spermatids could be related to the high degree of chromatin condensation of these cells. To verify this hypothesis, we performed in situ PCR hybridization after sperm chromatin decondensation. The method was set up using epididymides from HIV-negative subjects and after amplification for b-globin gene.
The results obtained demonstrated that the technique used for sperm chromatin decondensation was adequate to amplify DNA sequences. Approximately 40-50% of the sperm observed in the epididymal lumen were positive for b-globin (Fig. 6c, d) . Head volume of positive sperm was increased by up to fourfold. The vast majority of negative sperm heads had a normal morphology, suggesting either an absence of or incomplete decondensation.
When in situ PCR hybridization was performed on the testis after treating the sections for sperm chromatin decondensation, b-globin-positive maturing spermatids were observed (Fig. 7a, b) . Equally positive results on maturing spermatids were obtained in the testes of HIV-seropositive asymptomatic subjects by in situ amplification for gag and env HIV genes (Fig. 7c, d) . Staining was localized in the nuclei, which appeared larger than those of unstained spermatids, thus confirming that only decondensed cells had undergone in situ DNA amplification. HIV-positive maturing spermatids were infrequent with respect to infected round spermatids; however, a low number of stained testicular spermatozoa was observed when in situ amplification after decondensation was performed for the b-globin gene. This latter observation suggests that incomplete decondensation as well as cellular damages induced by the technical proce- 
AIDS subjects
In the testes of AIDS-deceased men, the few spermatogonia and primary spermatocytes observed were mostly positive for HIV-1 proviral sequences, as demonstrated by in situ PCR hybridization (Fig. 8c, d) . In addition, at variance with the HIV-seropositive samples, Sertoli cells with a positive hybridization signal were occasionally observed (Fig. 8a) . In the interstitial lymphomononuclear infiltrates, HIV-infected cells were present (Fig. 8a. b) . all stages of differentiation, from spermatogonium to spermatozoon. The presence of HIV-1 proviral DNA in the nuclei of germ cells was not accompanied by morphological signs of cell damage and was associated with normal spermatogenesis. It has previously been suggested that degeneration of infected germ cells observed in the testis of AIDSdeceased men could contribute to germ cell maturative arrest, as well as to the diffusion of the virus into the male genital tract (9) . Our data demonstrate instead that, at least in the early stages of the disease, HIV virus is not cytopathic for germ cells, does not interfere with the progression of spermatogenis, and seropositive asymptomatic men are able to produce HIV-infected spermatozoa.
DISCUSSION
The mild lymphomononuclear infiltration observed in the cases studied indicates, on immunohistological grounds, that the presence of the virus in the testis is not accompanied by a local immune response.
Although no clinical information was available to correlate each subject studied to defined stages of the natural history of the disease on the basis of postmortem serology and epicrisis (37) , these results (obtained in asymptomatic subjects) demonstrate that the testis represents an early site of viral localization and a potential HIV-1 reservoir that fails to elicit an immunological response, as demonstrated for other districts (48, 49) .
Immunotolerance for the virus could be related to the immunological privilege of the testis (30) (31) (32) (33) (34) (35) (36) . Several mechanisms responsible for this physiologic function have been identified, such as the blood-testis barrier, which segregates the interstitial compartment from autoantigens expressed on the meiotic and postmeiotic cell surface (33) , and the production of immunosuppressive molecules by Sertoli cells (34) . More recently, production of the CD95 (Fas or Apo 1) ligand by mouse Sertoli cells has been demonstrated and interpreted as the molecular counterpart for the testis immune privilege.
HIV-1 testis infection is potentially of great interest, considering that proviral DNA was observed in the nuclei of spermatogonia, a cell population directly exposed to the blood vessel compartment that includes stem cells of the germ cell line. Infection of stem cells could become chronic. Experiments are under way to verify whether HIV germ cell infection is productive in asymptomatic seropositive subjects, as has been reported to occur in AIDS-deceased men (9) . We also intend to evaluate whether HIV-1 proviral DNA is integrated in the germ cell genome. Since spermatogonia are proliferating cells, the conditions required for DNA proviral integration into host chromosomes (50, 51) could be satisfied.
The HIV hybridization pattern observed in the seminiferous epithelium of seropositive men-i.e., cohorts of infected germ cells all at the same stage of differentiation-is compatible with clonal infection of germ cells; therefore, the virus could infect single spermatogonia and be transmitted to all their progeny up to spermatozoa. Spermatogonia, located in the basal compartment of the seminiferous epithelium, are directly exposed to the vascular compartment (33) . They could therefore represent the first epithelial target for HIV present outside the tubules. were always HIV negative. On the other hand, Sertoli cells, known to have some phenotypic characteristics similar to those of macrophages (54, 55) , were infected only in the advanced stages of the disease. In autoptic testes from AIDS-deceased subjects, in addition to the already reported presence of the virus in the residual germ cells (9), we detected HIV-1 proviral DNA in some Sertoli cells.
These observations suggest the possibility of direct infection of the germ cells by cell-free virus. HIV infection in CD4-negative cells has been described in several tissues (56) (57) (58) (59) . The presence of a galactoglycero lipid on the cell membrane of spermatozoa and spermatogonia able to bind the viral gp120 envelope glycoprotein has been recently claimed (60, 61) .
Inability to detect the presence of HIV-1 proviral sequences in maturing spermatids, by in situ PCR hybridization after proteinase K digestion, appears to be due to technical reasons, since the b-globin gene was also undetectable in these cellular types with the same procedure. In addition, no signs of degeneration were observed in infected round spermatids that could justify their disappearance. We considered, therefore, the possibility that proteinase K treatment could be inadequate to gain access to the highly condensed chromatin of maturing spermatids. In the nucleus of maturing spermatids and spermatozoa, histones have been replaced by protamines (62) , and DNA is tightly packaged with a high degree of disulfide bonding. The problem was overcome by chromatin decondensation with reducing agents that disrupt disulfide bonds (15, 47) prior to in situ PCR hybridization. By this means, we were able to detect maturing spermatids positive for the b-globin gene as well as for HIV-1 proviral sequences in the testis of HIV-seropositive subjects.
Localization of the HIV virus in germ cells of the testis of an asymptomatic HIV-infected man was previously reported by Nuovo et al. (9) . In that single case studied, the virus was reported to be present only in spermatogonia and spermatocytes. In light of our data, absence of the virus in spermatids seems questionable, since its detection requires sperm chromatin decondensation.
The fate of testicular-infected spermatozoa is a subject for speculation. They are certainly released from the seminiferous epithelium, since no morphological evidence of sperm damage and/or delayed spermiation was observed. These cells may either degenerate in the male genital tract or reach the semen and be ejaculated. In both cases, they may contribute to the spreading of the virus in the recipient sexual partner. Horizontal transmission of retroviruses via sperm has been demonstrated in the mouse (63, 64) . Infected germ cells released from the testis could be involved in sexual transmission of the infection, beginning with the early stages of the disease. The presence of spermatozoa harboring HIV-1 proviral DNA in their nuclei must be considered in relation to the problem of HIV-1 transmission by donor semen (65) (66) (67) (68) .
Finally, the functional study of spermatozoa from HIV-infected men indicates that infected spermatozoa may be motile (27) . The possibility that infected spermatozoa fertilize human oocytes has recently been demonstrated in vitro (26) . It remains to be verified whether fertilization by infected spermatozoa is followed by abortion.
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